pattern of electrical activity was obtained when the force was 30% of maximum: The number of spikes (turns/5 s) was diminished in 70% of the patients; none showed the increase in turns characteristic of myopathy. The decrease in the number of turns was often associated with an increased incidence of long time intervals between turns and with an increased amplitude between turns. The mean duration of individual motor unit potentials was prolonged in 78% of the patients; none showed the decrease in mean duration characteristic of myopathy. Prolongation of the mean duration of motor unit potentials produced by cooling of normal muscle, led to a decrease in the number of turns. This suggested that the diminished number of turns in neurogenic involvement was due mainly to the prolonged duration of motor unit potentials.
Quantitation of the pattern of electrical activity has been used to distinguish between patients with myopathy and normal subjects. The criteria used were the number of spikes per 5 s ('turns'), the amplitude of the pattern (given as the amplitude between the spikes), and the distribution of time intervals between the spikes (Willison, 1964; Rose and Willison, 1967; Dowling et al., 1968) . Fuglsang-Frederiksen et al. (1976) increased the diagnostic certainty of this procedure by using a force of 30% of maximum (Fuglsang-Frederiksen and Mansson (1975) . In patients with neurogenic involvement, Hayward and Willison (1973) investigated the pattern of activity at a constant force (2 kg-5 kg) and, unlike in myopathy, they found the change in amplitude between turns and not a change in the number of turns to be the characteristic change of a neurogenic lesion.
TFhe purpose of the study presented in this report was (1) to determine, at a force which was a fixed fraction of maximum, to what extent number of turns, amplitude between turns, ratio of turns to amplitude between turns, and distribution of time intervals between turns allowed identificaAccepted 29 November 1976 tion of a neurogenic lesion; (2) in neurogenic lesions, to compare the diagnostic yield obtained from the quantitation of the pattern of electrical activity and from the properties of individual motor unit potentials; (3) in model experiments, to evaluate the relative contribution to the number of turns of loss of motor units and of changes in the properties of motor unit potentials.
Patients and methods
The material comprised 15 patients with motor neurone disease (nine males and six females), and 15 patients with paresis secondary to a lesion of the brachial plexus (13 males and two females). The patients with motor neurone disease were 5S-74 years old; nine of the patients with a lesion of the brachial plexus were more than 40 years, and six were 18-37 years old.
MAXIMUM FORCE OF THE FLEXOR MUSCLES OF THE FOREARM
The maximum force was measured at the wrist with the elbow joint at a right angle (FuglsangFrederiksen and Mansson, 1975) . The normal force in males was 32 kg, SD 5 kg (nine subjects); and in females 20 kg, SD 2 kg (10 subjects). In five patients with motor neurone disease and in two with a lesion of the brachial plexus, the force was within the range of normal (diminished by less than 30%, Fig. 1 ).
QUANTITATION OF THE PATTERN OF ELECTRICAL ACTIVITY
The pattern was recorded via concentric needle electrodes (DISA 13K32) in 10 different sites of the flexor muscles of the forearm (m. biceps brachii and m. brachialis) at 30% of maximum force (Fuglsang-Frederiksen and Mansson, 1975) . The number of turns per 5 s, the mean amplitude between turns, the ratio of the number of turns to mean amplitude, the distribution of time intervals between turns, and the distribution of amplitudes between turns were determined as described by Fuglsang-Frederiksen and Mansson (1975) and Fuglsang-Frederiksen et al. (1976) . After one to three recordings of 5 s the patients rested for one to two minutes. In addition, the pattern was analysed in 10 patients at a force of 10% of maximum, in six patients at near-maximum force, and in 17 patients at a constant force of 2 kg. Findings in patients were compared with those in 30 subjects without history, symptoms, or signs of neuromuscular disease.
DIMINUTION IN TURNS ATTRIBUTABLE TO A DECREASE IN FORCE (LOSS OF MOTOR UNITS)
The number of turns per 5 seconds was determined in the brachial biceps and brachialis muscles at 10%, 20%, and 30% of maximum force (10 subjects). At an increased incidence of long time intervals. In one patient an increase in the incidence of long time intervals was the only sign of neurogenic involvement.
Amplitude between turns The amplitude between turns was increased in eight of 23 patients and decreased in two patients (Fig. 2 ). An increase in amplitude identified two of the patients who had a normal number of turns and of time intervals between turns. The ratio of turns to amplitude and the relative incidence of small (<0.5 mV) and of large (>1 mV) amplitudes did not add information beyond that obtained from the mean amplitude between turns.
PATTERN OF ACTIVITY IN PATIENTS WITH NORMAL FORCE
Four of seven patients had a diminution in turns and one patient had only an increase in amplitude between turns.
TURNS AND AMPLITUDE AT DIFFERENT LOADS
A diminished number of turns was more often observed with 30% of maximum force than with the following forces tested: maximum effort, 10% of maximum effort, 2 kilograms, 2 kilograms corrected for maximum force. In all 16 patients tested the number of turns was normal when the force was 2 kilograms (Fig. 5) (Table) .
INDIVIDUAL MOTOR UNIT POTENTIALS IN PATIENTS WITH DIMINISHED FORCE
The increase in duration of motor unit potentials identified 18 of 23 patients (78%) as having neurogenic involvement (Fig. 2) . All except four of these patients also had a diminished number of turns. In patients with a lesion of the brachial plexus the prolongation in duration of motor unit potentials was the more marked, the more advanced the lesion (Fig. 3) . In all patients the average amplitude of individual motor unit potentials was increased. Two patients, with normal mean duration, had an increase in the incidence of polyphasic potentials. The increase in the incidence of polyphasic potentials (10%-40% of all potentials) was not related to the decrease in turns.
The increase in amplitude and in the incidence of polyphasic potentials are less specific parameters of abnormality because four of 41 patients with myopathy showed an increase in mean amplitude, and 29 showed an increase in the incidence of polyphasic potentials (Table) (FuglsangFrederiksen et al., 1976) . None of the patients had the diminished mean duration that characterises myopathy (Table) .
Finally, six patients had a pattern of discrete activity during full effort, and 15 had a reduced recruitment pattern. In these latter the criteria of the pattern obtained at 30% of maximum force identified 13 as having neurogenic involvement. The pattern of activity during full effort identified four patients who had a normal mean duration of motor unit potentials.
PROPERTIES OF MOTOR UNIT POTENTIALS IN PATIENTS WITH NORMAL FORCE
Five of seven patients had a prolonged mean duration, and all seven had an increased mean amplitude of motor unit potentials.
RECRUIT'MENT PATTERN DURING MAXIMUM EFFORT
The more the pattern of recruitment was reduced, the more marked was the increase in mean duration, and in mean amplitude of motor unit potentials (Fig. 7) . Similarly, the number of turns was diminished and the amplitude between turns increased.
FACTORS DETERMINING THE NUMBER OF TURNS
The number of turns at 30% of maximum force depends on the total number of motor units and their firing frequency, the duration of individual motor unit potentials, their amplitude, the incidence of polyphasic potentials, and the degree of synchronisation of the discharges of different 8). Assuming that loss of motor units is randomly motor units.
distributed among motor units independently of their threshold of recruitment, a reduction in the NUMBER OF MOTOR UNITS maximum force (P,)) to one-third caused the numThe effect of loss of motor units on the number ber of turns at 30% of one-third of Po to be equal of turns was estimated from the decrease in the to the number of turns at 10% of Po. A decrease number of turns in normal subjects when the force in maximum force of 67%/ corresponded to a dewas reduced from 30% to 1000 of maximum (Fig. crease in turns of 3900 (SD=6) . Thus, disregarding To investigate the effect of a prolongation in the duration of motor unit potentials on the number of turns, the duration of motor unit potentials was increased by cooling the muscle. At 28°C the maximum force remained unaltered as compared with that exerted at 36°C, and the number of turns at 30% of maximum force was diminished by 50%. The mean duration was increased by 400/ whereas the mean amplitude and the incidence of polyphasic potentials were unchanged. The number of turns increased linearly as the temperature increased from 28°C to 36°C, as did the mean duration of motor unit potentials (Bentsen, 1945) . Thus, an increase in duration of 10%' corresponded to a decrease in turns of 12% (SD = 2%).
A mplitude of motor uinit potentials
An increase in amplitude of motor unit potentials can both increase and decrease the number of turns. It has not been possible to isolate its effect, but the increased amplitude might account for some of the scatter in the relationship between turns and, for example, the incidence of polyphasic potentials (Fig. 9) .
Incidence of polyphasic potentials
In patients with a decrease in force secondary to a lesion of the brachial plexus we have estimated the number of turns to be expected from the decrease in force and from the increase in mean duration. The difference between observed and expected number of turns increased with an increasing incidence of polyphasic potentials at weak effort (Fig. 9) . Thus an increase in the incidence of polyphasic potentials from, for example, 10%
to 2000 corresponded with an increase in turns of 24%' (SD=7%).
Svnchronisation between different motor units This was similar in paresis secondary to a lesion of the brachial plexus to that in normal muscle (Buchthal and Madsen, 1950) . In motor neurone disease the difference between the observed and the expected number of turns was not related to the incidence of polyphasic potentials, probably because synchronisation between discharges of different motor units outweighed the increase to be expected from the increased incidence of polyphasic potentials. (Adrian, 1947; Buchthal and Madsen, 1950) . None of the patients with neurogenic involvement showed the increase in turns that characterised myopathy (Willison, 1964; FuglsangFrederiksen et al., 1976 indicating myopathy. Thus, most of these patients showed an increase of the ratio of turns to amplitude between turns. Patients with neurogenic involvement, in whom the number of turns was diminished, usually also showed an increase in the incidence of long time intervals that did not occur in myopathy. The ratio of turns to amplitude, the most sensitive criterion of myopathy, did not give additional information above that obtained from the decrease in turns in patients with neurogenic involvement. The ratio of turns to amplitude is largely independent of force and hence of the loss of motor units that characterised neurogenic involvement (Fuglsang-Frederiksen et al., 1976) .
Experiments in which the duration of motor unit potentials was prolonged by cooling the muscle indicated that the diminution in the number of turns in muscles with neurogenic involvement was mainly due to the prolonged duration of the individual motor unit potentials. The effect of the loss of motor units on the number of turns was half that of the increase in duration. The decrease in the number of turns due to the increase in mean duration of motor unit potentials and to the loss of motor units would have been more marked had it not been counteracted by the increased incidence of polyphasic potentials. Thus, an average increase in mean duration of 54% would cause a decrease in the number of turns of 65%/; an average diminution in force of 60% would cause a decrease in the number of turns of 36%. In fact, the decrease in turns averaged only 
